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(57) ABSTRACT

A manufacturing method of a display device having an array
substrate includes the steps of forming a projection of an
organic material in a pixel on the array substrate by patterning
a photosensitive material or by inkjet, forming a TFT on the
array substrate, wherein a source electrode of the TFT is
formed to extend on at least part of the upper surface of the
projection, forming an inorganic passivation layer over the
TFT and over at least part of the upper surface of the projec-
tion, forming an organic passivation layer over the inorganic
passivation layer, forming an upper insulating layer over at
least part of the organic passivation layer, forming a contact
hole in the inorganic passivation layer and the upper insula-
tion layer over the upper surface of the projection, and form-
ing a pixel electrode on the upper insulation layer which
contacts the source electrode.
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1
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/495,111, filed on Sep. 24, 2014, which, in
turn, is a continuation application of U.S. patent application
Ser.No. 13/849,559 (now U.S. Pat. No. 8,878,185), filed Mar.
25, 2013, which claims the priority from Japanese Patent
Application No. 2012-107694 filed on May 9, 2012 in the
Japanese Patent Office, the entire contents of which are incor-
porated herein by reference.

CLAIM OF PRIORITY

The present application claims priority from Japanese
Patent Application NO. 2012-107694 filed on May 9, 2012,
the content of which is hereby incorporated by reference into
this Application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device such as a
liquid crystal display device, and particularly to a display
device whose transmissivity can be improved by reducing the
diameter of a contact hole formed in an organic film in a pixel
circuit portion of a substrate.

2. Description of the Related Art

In a display device such as a liquid crystal display device,
provided are an array substrate (or referred to as a TFT sub-
strate) on which pixel electrodes, thin film transistors (TFTs),
and the like are formed in a matrix shape, and an opposed
substrate which faces the array substrate and on which color
filters and the like are formed at positions corresponding to
the pixel electrodes of the array substrate. In addition, liquid
crystal is sandwiched between the array substrate and the
opposed substrate. The transmissivity of light by liquid crys-
tal molecules is controlled for each pixel to form an image.

As described in Japanese Patent Application Laid-Open
No. Hei 9-304793, an attempt to improve the aperture ratio of
each pixel in a recent liquid crystal display device has been
known. The liquid crystal display device disclosed in Japa-
nese Patent Application Laid-Open No. Hei 9-304793
includes a buried portion to fill a recessed portion generated
by forming a pixel electrode in a contact hole formed to
connect a thin film transistor and the pixel electrode to each
other. Accordingly, the disturbance of orientation of liquid
crystal molecules in the contact hole of an organic passivation
film can be suppressed, and light transmission is prevented
without decreasing the aperture ratio of each pixel of the
liquid crystal display device.

SUMMARY OF THE INVENTION

However, a process of photolithography or anisotropic
etching needs to be additionally provided to fill the recessed
portion in such a liquid crystal display device.

In view of the above-described problems, objects of the
present invention are to prevent light transmission without
decreasing the aperture ratio of each pixel of a display device
such as a liquid crystal display device, to improve the pro-
ductivity of an organic insulation film, and to improve the
processing accuracy around a contact hole in the display
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2

device such as a liquid crystal display device having the

contact hole formed to connect a thin film transistor and a

pixel electrode to each other.

Although the present invention can be recognized from
plural viewpoints, a liquid crystal display device according to
a representative aspect of the present invention from one
viewpoint will be described below. Further, a liquid crystal
display device of the present invention from other viewpoints
will become apparent from the following descriptions of a
mode for carrying out the present invention.

The followings are summaries of representative aspects of
the invention disclosed in the application.

(1) A display device which is configured to include an array
substrate and an opposed substrate which is faced the array
substrate, wherein: a TFT and a projection are disposed in
each pixel portion of the array substrate; a source electrode
of the TFT extends so as to cover at least a part of the
projection; an inorganic passivation film is formed over the
TFT and the projection; an organic passivation film is
formed on the inorganic passivation film on the TFT; an
opposed electrode is formed on the organic passivation
film; an upper insulation film is formed over the opposed
electrode; a pixel electrode is formed on the upper insula-
tion film; and the pixel electrode is electrically connected
to the source electrode through a connection hole formed in
the inorganic passivation film and the upper insulation film
on the projection.

(2) A display device which is configured to include an array
substrate and an opposed substrate which is faced the array
substrate, wherein: a TFT and a projection are disposed in
each driving circuit portion of the array substrate; a source
electrode of the TFT extends so as to cover at least a part of
the projection; an inorganic passivation film is formed over
the TFT and the projection; an organic passivation film is
formed on the inorganic passivation film on the TFT; an
upper insulation film is formed over the organic passivation
film; a line is formed on the upper insulation film; and the
line is electrically connected to the source electrode
through a connection hole formed in the inorganic passi-
vation film and the upper insulation film on the projection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isacircuit diagram for showing an equivalent circuit
of'adisplay device according to an embodiment of the present
invention;

FIG. 2 is a plan view for showing an example of a configu-
ration of one pixel circuit;

FIG. 3 is a cross-sectional view of a thin film transistor
included in the pixel circuit according to a first embodiment;

FIG. 4A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4G is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;

FIG. 4H is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 3;
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FIG. 5 is aplan view for showing a configuration ofthe thin
film transistor shown in FIG. 3;
FIG. 6 is a cross-sectional view for showing a comparative
example of a thin film transistor;
FIG. 7A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 7B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 7C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 7D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 7E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 7F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 6;
FIG. 8 is a plan view for showing a configuration ofthe thin
film transistor shown in FIG. 6;
FIG. 9 is a cross-sectional view of a thin film transistor
included in a pixel circuit according to a second embodiment;
FIG. 10A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10G is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 10H is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 9;
FIG. 11 is a cross-sectional view of a thin film transistor
included in a pixel circuit according to a third embodiment;
FIG. 12A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 12G is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 11;
FIG. 13 is a cross-sectional view of a thin film transistor
included in a driving circuit according to a fourth embodi-
ment;
FIG. 14A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 14B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 14C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 14D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 14E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 14F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
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FIG. 14G is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 13;
FIG. 15 is a cross-sectional view of a thin film transistor
included in a pixel circuit according to a fifth embodiment;
FIG. 16A is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16B is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16C is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16D is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16E is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16F is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15;
FIG. 16G is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15; and
FIG. 16H is a cross-sectional view for showing a manufac-
turing process of the thin film transistor shown in FIG. 15.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the content of the present invention will be
described in detail using embodiments.

It should be noted that constitutional elements having the
same functions are given the same reference numerals in the
all drawings for explaining the embodiments, and the expla-
nations thereof will not be repeated.

Further, the following embodiments do not limit the inter-
pretation of claims of the present invention.

Further, in examples of the embodiments described below,
the present invention is applied to an IPS-mode (In-Plane-
Switching Mode) liquid crystal display device. However, the
present invention can be applied to other kinds of display
devices such as liquid crystal display devices of other modes
and organic EL display devices.

First Embodiment

A display device according to the embodiment is a liquid
crystal display device, and is configured to include an array
substrate (also referred to as a TFT substrate), an opposed
substrate which faces the array substrate and on which color
filters are provided, a liquid crystal material enclosed in an
area sandwiched between the both substrates, and a driver IC
attached to the array substrate. Each of the array substrate and
the opposed substrate is formed by processing an insulating
substrate such as a glass substrate.

FIG. 1isacircuit diagram for showing an equivalent circuit
of'adisplay device according to an embodiment of the present
invention. The equivalent circuit shown in FIG. 1 corresponds
to a part of display areas in the array substrate. On the array
substrate, plural gate signal lines GL are aligned to extend in
the lateral direction, and plural video signal lines DL are
aligned to extend in the vertical direction. With these gate
signal lines GL. and video signal lines DL, the display areas
are defined in a matrix shape. Each compartment defined in a
matrix shape corresponds to one pixel circuit. Further, a com-
mon signal line CL extends in the lateral direction while being
associated with each gate signal line GL.

A thin film transistor TFT is formed in the corner of each of
the pixel circuits defined by the gate signal lines GL. and the
video signal lines DL. A gate electrode GT of each thin film
transistor TFT is connected to the gate signal line GL, and a
drain electrode DT thereof is connected to the video signal
line DL. Further, a pixel electrode PX and a common elec-
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trode CT are formed in a pair in each pixel circuit, each pixel
electrode PX is connected to a source electrode ST of the thin
film transistor TFT, and each common electrode CT is con-
nected to the common signal line CL.

FIG. 2 is a plan view for showing an example of a configu-
ration of one pixel circuit. As shown in FIG. 2, the thin film
transistor TFT exists at the position where the gate signal line
GL intersects with the video signal line DL. The thin film
transistor TFT includes a semiconductor film SC, a gate elec-
trode GT, a source electrode ST, and a drain electrode DT.

In the above-described pixel circuit, common voltage is
applied to the common electrode CT of each pixel through the
common signal line CL, and gate voltage is applied to the gate
signal line GL,, so that the line of the pixel circuit is selected.
Further, a video signal is supplied to each video signal line DL,
at the selection timing, so that the voltage of the video signal
is applied to the pixel electrode PX included in each pixel
circuit. Accordingly, lateral electric field with the strength
corresponding to the voltage of the video signal is generated
between the pixel electrode PX and the common electrode
CT, and the orientation of liquid crystal molecules is deter-
mined in accordance with the strength of the lateral electric
field.

The thin film transistor TFT will be described in detail. The
thin film transistor TFT includes the semiconductor film SC,
the drain electrode DT, the source electrode ST, and the gate
electrode GT. The drain electrode DT is a part of the video
signal line DL, and includes a portion whose lower face is in
contact with the semiconductor film SC. The drain electrode
DT is overlapped with the semiconductor film SC and the gate
electrode GT on a plane. Further, the source electrode ST
extends in the right direction from a position apart from the
drain electrode DT where the semiconductor film SC is over-
lapped with the gate electrode GT on a plane, and further
extends over a projection BK to be connected to the pixel
electrode PX. Further, the gate electrode GT extends in the
upper direction of the drawing, and the lower end thereof is
connected to the gate signal line GL.

FIG. 3 is a cross-sectional view of the thin film transistor
TFT included in the pixel circuit. FIG. 3 shows a cross-
section taken along the section line A-A of FIG. 2. On a glass
substrate SUB, provided is a conductive layer including the
gate electrode GT in contact with the glass substrate SUB. On
the conductive layer, provided is a gate insulation layer GI.
The semiconductor film SC is in contact with the upper face
of'the gate insulation layer GI, and is provided above the gate
electrode GT. Further, on the gate insulation layer GI, pro-
vided is the projection BK. On the upper face of the semicon-
ductor film SC, disposed are the source electrode ST and the
drain electrode DT that are apart from each other. A source
line SL extends over the projection BK from the source elec-
trode ST, and is connected to the pixel electrode PX on the
projection BK. An inorganic passivation film PAS is formed
over the thin film transistor TFT and the projection BK. In
addition, an organic passivation film IN is formed on the
inorganic passivation film PAS over the thin film transistor
TFT and embedding the projection BK therein.

The common electrode CT, and then an upper insulation
film UPS are formed on the organic passivation film IN. The
source line SL is connected to the pixel electrode PX at a
connection hole CH formed in the common electrode CT and
the upper insulation film UPS on the projection BK. In this
case, on the projection BK, the source line SL extends from
the source electrode along the top of the projection BK from
a base portion thereof.

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 4A to FIG. 4H are cross-
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6

sectional views for showing manufacturing processes of the
thin film transistor TFT shown in FIG. 3. In the first process in
FIG. 4A, an Mo layer with a thickness of 150 nm is sputtered
on the glass substrate SUB, and the gate electrode GT is
formed by photolithography and wet etching. For the gate
electrode GT, a single layer of low-resistance metal such as
Al, Mo, W, Cu, Cu—Al alloy, Al—Si alloy, or Mo—W alloy,
or a laminated structure thereof may be used.

In the next process, a silicon nitride film configuring the
gate insulation film GI is deposited on the glass substrate SUB
on which the gate electrode GT is formed. The silicon nitride
film is deposited using a CVD apparatus. Then, an amorphous
Si layer and a contact layer SCN are formed using the CVD
apparatus, and are etched to be in a desired shape by photo-
lithography to form the semiconductor film SC. It should be
noted that the contact layer SCN is an n+layer to make an
ohmic contact between semiconductor and a drain/source
electrode.

In the next process, a photosensitive material is applied
onto the glass substrate SUB on which the semiconductor
film SC of the thin film transistor TFT is formed, and then
light is selectively irradiated to a desired area of the photo-
sensitive material. Thereafter, the resultant structure is devel-
oped for patterning, so that the projection BK with a desired
height is formed on the gate insulation film GI (see FIG. 4A).
The photosensitive material includes an organic insulation
film material, a photospacer material, photoresist, and the
like. In short, any material can be used as long as a convex
portion can be formed at a desired area on a substrate by
exposure and development.

In the next process in FIG. 4B, a Ti layer with a thickness
ot 100 nm, an AlSi layer with a thickness 0of 450 nm, and a Ti
layer with a thickness of 100 nm are sequentially deposited,
and photolithography and dry etching are performed for these
films to form the source electrode ST and the drain electrode
DT. Instead of depositing these layers, a single layer of low-
resistance metal such as Al, Mo, W, Cu, Cu—Al alloy, Al—Si
alloy, or Mo—W alloy, or a laminated structure thereof may
be deposited. In this case, the source line SL is also formed at
the same time by extending from the source electrode ST over
the projection BK. The source line SLL does not allow light to
penetrate. Thus, the line width is desirably narrowed from the
viewpoint of the aperture ratio.

In the next process, a silicon nitride film configuring the
inorganic passivation film PAS to prevent moisture and impu-
rities from entering from outside is deposited using a CVD
method (FIG. 4B). Thereafter, the organic passivation film IN
is applied and formed (FIG. 4C). The organic passivation film
IN is applied even onto the projection BK. However, the
organic passivation film IN has liquidity before burning, and
thus the thickness of the organic passivation film IN on the
projection BK can be made smaller than the height of the
projection BK. Further, the organic passivation film IN is
processed by photolithography, so that an upper portion of the
projection BK is exposed (FIG. 4D). In this case, since the
thickness of the organic passivation film IN on the projection
BK is smaller than the height of the projection BK, the time
required for exposure and development can be shortened as
compared to a case in which a hole corresponding to the
height of the projection BK is processed. Thereafter, the
resultant structure is burned while reflow and flattening are
performed by heating (FIG. 4E).

In the next process, for example, a transparent conductive
film such as ITO s further deposited and patterned to form the
common electrode CT, and then the upper insulation film
UPS is formed (FIG. 4F). The common electrode CT is pat-
terned, so that a window W is opened near the projection BK
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when viewed on a plane. In the next process, the inorganic
passivation film PAS and the upper insulation film UPS are
collectively processed and opened at the top of the projection
BK by photolithography and dry etching, and the source line
SL is exposed (FIG. 4G).

In the next process, for example, a transparent conductive
film such as ITO is deposited and patterned to form the pixel
electrode PX so as to be connected to the source line SL at the
opening portion. Accordingly, the display device including
the thin film transistor TFT shown in FIG. 3 can be completed
(FIG.4H). It should be noted that amorphous Si is used for the
semiconductor film SC in the embodiment. However, it is
obvious that crystalline Si or other semiconductor materials
may be used.

FIG. 5 is a diagram for illustrating, on a plane, a relation
between the source/drain electrode and the projection BK of
the configuration of the thin film transistor TFT explained
using FIG. 4A to FIG. 4H. The width b of the source line SL,
on the projection BK is desirably larger than the maximum
diameter ¢ of a connection hole between the source line SL
and the pixel electrode PX. This is because it can be expected
that the metal source line SL serves as an etching stopper in an
etching process to form the connection hole. Further, since
the metal source line SL. does not allow light to penetrate, the
line width b is desirably narrower than the maximum width a
of the projection BK from the viewpoint of securing the
aperture ratio.

With the above-described configuration, the width of the
source line SL. can be made narrower, thus contributing to the
improvement of the aperture ratio. Further, the inorganic pas-
sivation film PAS and the upper insulation film UPS can be
patterned on the projection, and thus the processing likeli-
hood is improved. Further, the common electrode CT and the
upper insulation film UPS are laminated on a plane. Thus,
even if thermal stress is applied, it is advantageously difficult
for the common electrode CT and the upper insulation film
UPS to be separated from each other at the interface. In
addition, since the projection is formed in advance, process-
ing of the organic passivation film IN is advantageously easy.

In the embodiment, the projection BK is formed by pat-
terning the photosensitive material. However, it is obvious
that the projection BK may be formed by another printing
technique such as an ink-jet method. The patterning of the
photosensitive material has advantages in excellent positional
accuracy. On the other hand, if a printing technique is used,
only one process is advantageously required to arrange the
projection BK at a desired position. Further, the electrodes of
the TFT are formed by photolithography and wet etching in
the embodiment. Instead, the electrodes may be formed by a
printing method known by those skilled in the art.

Comparative Example

Hereinafter, a display device to be compared with the con-
figuration of that of the present invention will be described as
a comparative example. An equivalent circuit of the display
device is the same as that of the present invention.

FIG. 6 is across-sectional view of'a thin film transistor TFT
included in a pixel circuit of a comparative example. On a
glass substrate SUB, provided is a conductive layer including
a gate electrode GT in contact with the glass substrate SUB.
On the conductive layer, provided is a gate insulation layer
GI. A semiconductor film SC is in contact with the upper face
of'the gate insulation layer GI, and is provided above the gate
electrode GT. On the upper face of the semiconductor film
SC, disposed are a source electrode ST and a drain electrode
DT that are apart from each other. A source line SL extends
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from the source electrode ST, and is connected to a pixel
electrode PX at a base portion of a contact hole CONT.

An inorganic passivation film PAS and an organic passiva-
tion film IN are formed so as to cover the thin film transistor
TFT. The contact hole CONT is formed in the organic passi-
vation film IN. On the organic passivation film IN, formed is
acommon electrode CT. The common electrode CT is opened
at the contact hole CONT. Further, an upper insulation film
UPS is formed so as to cover the common electrode CT and
the contact hole CONT, and the pixel electrode PX is formed
on the upper insulation film UPS. The source line SL is
connected to the pixel electrode PX at a connection hole CH
formed in the inorganic passivation film PAS and the upper
insulation film UPS at a base portion of the contact hole
CONT.

It should be noted that the orientation of liquid crystal is
disturbed at inclined portions of the inner walls of the contact
hole CONT in the configuration, and light leakages occur. As
a countermeasure against this, the source line SL is provided
at an area covering the opening portion on the upper face of
the contact hole CONT when viewed on a plane (FIG. 8).

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 7A to FIG. 7F are cross-
sectional views for showing manufacturing processes of the
thin film transistor TFT shown in FIG. 6. The process of
forming the gate electrode GT to the process of forming the
semiconductor film SC are the same as those in the first
embodiment (see FIG. 7A).

In the next process, a Ti layer with a thickness of 100 nm,
an AlSi layer with a thickness of 450 nm, and a Ti layer with
a thickness of 100 nm are sequentially deposited, and photo-
lithography and dry etching are performed for these films to
form the source electrode ST and the drain electrode DT.
Further, a silicon nitride film configuring the inorganic pas-
sivation film PAS is deposited using a CVD method (FIG.
7B).

In the next process, the organic passivation film IN with a
thickness of 2 um is applied and formed. Further, the organic
passivation film IN is processed by photolithography to form
ahole in a mortar shape, and then is heated to burn (FIG. 7C).
In this process, the thickness of the organic passivation film
IN to be processed is large, and thus the exposure time
becomes longer as compared to the first embodiment.

In the next process, for example, a transparent conductive
film such as ITO s further deposited and patterned to form the
common electrode CT, and then the upper insulation film
UPS is formed (FIG. 7D). The common electrode CT is
patterned, so that a window W is opened near the contact hole
CONT when viewed on a plane.

In the next process, the common electrode CT and the
upper insulation film UPS are collectively processed and
opened at a base portion of the contact hole CONT by pho-
tolithography and dry etching, and the source line SL is
exposed (FIG. 7E). In the process, photoresist is accumulated
in the bottom of the contact hole CONT at the time of pho-
tolithography. Thus, a large amount of exposure is required,
and the resolution is decreased. The alignment control in the
bottom of the hole is difficult as compared to the first embodi-
ment.

In the next process, for example, a transparent conductive
film such as I'TO is deposited and patterned to form the pixel
electrode PX so as to be connected to the source line SL at the
connection hole CH. Accordingly, the display device includ-
ing the thin film transistor TFT shown in FIG. 6 can be
completed (FIG. 7F). If a heating process is performed there-
after, the directions of thermal stress applied to the upper
insulation film UPS located at the inclined portion of the
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contact hole CONT and the common electrode CT located at
a flat portion are different from each other because an end of
the common electrode CT is located at an end of the opening
of the contact hole CONT, and thus they are likely to be
separated from each other.

FIG. 8 is a diagram for illustrating, on a plane, a relation
between the source/drain electrode and the contact hole
CONT of the configuration of the thin film transistor TFT
explained using FIG. 6. The width e of the source line SL is
desirably larger than the opening diameter d of the contact
hole CONT at the contact hole CONT. This is because the
orientation of liquid crystal molecules is disturbed at the
inclined portions of the contact hole CONT to cause light
leakages, and thus it can be expected that the light leakages
can be prevented by providing the source line SL. made of
metal that does not allow light to penetrate. However, the
aperture ratio is decreased.

Second Embodiment

Hereinafter, a display device having a different configura-
tion of the present invention will be described. An equivalent
circuit of the display device is the same as that of the first
embodiment. FIG. 9 is a cross-sectional view of a thin film
transistor TFT included in a pixel circuit. On a glass substrate
SUB, provided are a projection BK, a semiconductor layer, a
source line, and a drain line. A gate insulation layer GI is
provided on the semiconductor layer, the source line, and the
drain line. A semiconductor film SC is in contact with the
upper face of a barrier layer PR, and ends thereof are over-
lapped with a source electrode and a drain electrode. A gate
electrode GT is provided on the gate insulation layer GI so as
to be overlapped with the semiconductor layer on a plane. An
inorganic passivation film PAS is located on the gate elec-
trode GT to cover the thin film transistor TFT and the projec-
tion BK.

A source line SL extends over the projection BK from a
source electrode ST, and is connected to a pixel electrode PX
on the projection BK. An organic passivation film IN covers
the thin film transistor TFT, and embeds the projection BK
therein. A common electrode CT, and then an upper insulation
film UPS are formed on the organic passivation film IN. The
source line SL is connected to the pixel electrode PX at a
connection hole CH formed in the gate insulation layer GI,
the inorganic passivation film PAS, and the upper insulation
film UPS on the projection BK. In this case, on the projection
BK, the source line SL extends from the source electrode
along the top of the projection BK from a base portion thereof.
In FIG. 9, in order to prevent impurities from the glass sub-
strate SUB from contaminating the semiconductor layer SC,
orto improve adhesion ofthe semiconductor layer, the barrier
layer PR is formed on the glass substrate SUB.

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 10A to FIG. 10H are
cross-sectional views for showing manufacturing processes
of the thin film transistor TFT shown in FIG. 9. In FIG. 10A
to FIG. 10H, the barrier layer PR formed on the glass sub-
strate SUB is not illustrated. In the first process, the projection
BK s formed on the glass substrate SUB by an ink-jet method
(FIG. 10A). Ink landed on the glass substrate SUB by the
ink-jet method forms the projection BK through a curing
process such as light irradiation or heating. For the projection
BK after the curing process, a material with a high transmis-
sivity is desirable from the to viewpoint of securing the aper-
ture ratio as long as an insulating material is used.

In the next process, an ITO film is deposited, and photoli-
thography and etching are performed for the film to form the
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source electrode ST and the drain electrode DT (FIG. 10B).
Instead of depositing the layer, a single layer of low-resis-
tance metal such as Al, Mo, W, Cu, Cu—Al alloy, Al—Si
alloy, or Mo—W alloy, or a laminated structure thereof may
be deposited. In this case, the source line SL is also formed at
the same time by extending from the source electrode ST over
the projection BK.

In the next process, the semiconductor layer SC is formed
by sputtering oxide semiconductor. A DC sputter is used as a
sputtering method of the oxide semiconductor, and a target
material with a ratio of In:Ga:Zn:0=1:1:1:4 is used. The
semiconductor layer SC is etched by photolithography to
form the semiconductor film SC in a desired shape (FIG.
100).

Inthe next process, a silicon oxide film configuring the gate
insulation layer Gl is deposited on the glass substrate SUB on
which the semiconductor film SCis formed. The silicon oxide
film is deposited using a plasma CVD apparatus. Thereafter,
anAllayer and an Mo layer are sequentially sputtered, and the
gate electrode GT is formed by photolithography and etching
(FIG.10D). A single layer of low-resistance metal such as Al,
Mo, W, Cu, Cu—Al alloy, Al—Si alloy, or Mo—W alloy, or
a laminated structure thereof may be used for the gate elec-
trode GT.

In the next process, a silicon oxide film configuring the
inorganic passivation film PAS to prevent moisture and impu-
rities from entering from outside is deposited using a CVD
method (FIG. 10E). Thereafter, the organic passivation film
IN is applied and formed. Further, the organic passivation
film IN is processed by photolithography, so that an upper
portion of the projection BK is exposed. Thereafter, the
resultant structure is burned while reflow and flattening are
performed by heating (FIG. 10F). This process is the same as
the first embodiment.

In the next process, for example, a transparent conductive
film such as ITO s further deposited and patterned to form the
common electrode CT, and then the upper insulation film
UPS is formed (FIG. 10G). The common electrode CT is
patterned, so that a window W is opened near the projection
BK when viewed on a plane. In the next process, the gate
insulation layer GI, the inorganic passivation film PAS, and
the upper insulation film UPS are collectively processed and
opened at the top of the projection BK by photolithography
and dry etching, and the source line SL is exposed. In the next
process, for example, a transparent conductive film such as
ITO is deposited and patterned to form the pixel electrode PX
s0 as to be connected to the source line SL at the opening
portion. Accordingly, the display device including the thin
film transistor TFT shown in FIG. 9 can be completed (FIG.
10H).

With the above-described configuration, the width of the
source line SL can be made narrower as similar to the first
embodiment, and thus the aperture ratio can be improved.
Further, the gate insulation layer GI, the inorganic passivation
film PAS, and the upper insulation film UPS can be patterned
on the projection, and thus the processing likelihood is
improved. Further, the common electrode CT and the upper
insulation film UPS are laminated on a plane. Thus, even if
thermal stress is applied, it is advantageously difficult for the
common electrode CT and the upper insulation film UPS to be
separated from each other at the interface. In addition, since
the projection is formed in advance, processing of the organic
passivation film IN is advantageously easy.

Further, after the source line and the drain line are formed,
the semiconductor layer is formed in the configuration of the
embodiment. Thereafter, the semiconductor layer is covered
with the gate insulation film. According to the configuration,
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physical and chemical affects by a plasma process or an
etching process can be reduced in the following processes.

In the embodiment, the projection BK is formed by the
ink-jet method. However, it is obvious that the projection BK
may be formed by patterning, for example, a photosensitive
material. If a printing technique such as the ink-jet method is
used, only one process is advantageously required to arrange
the projection BK at a desired position. On the other hand, the
patterning of the photosensitive material has advantages in
excellent positional accuracy. Further, the electrodes of the
TFT are formed by photolithography and wet etching in the
embodiment. Instead, the electrodes may be formed by a
printing method known by those skilled in the art.

Third Embodiment

Hereinafter, a display device having a different configura-
tion of the present invention will be described. An equivalent
circuit of the display device is the same as that of the first
embodiment. FIG. 11 is a cross-sectional view of a thin film
transistor TFT included in a pixel circuit. On a glass substrate
SUB, formed is a barrier layer PR on which a projection BK,
a semiconductor film SC, a source line, and a drain line are
provided. A gate insulation layer GI is provided on the semi-
conductor layer, the source line, and the drain line. A semi-
conductor film SC is in contact with the upper face of the
barrier layer PR, and ends thereof are overlapped with a
source electrode and a drain electrode.

A gate electrode GT is provided on the gate insulation layer
GI so as to be overlapped with the semiconductor layer on a
plane. An inorganic passivation film PAS is located on the
gate electrode GT to cover the thin film transistor TFT and the
projection BK. A source line SL. extends over the projection
BK from a source electrode ST, and is connected to a pixel
electrode PX on the projection BK. An organic passivation
film IN covers the thin film transistor TFT, and embeds the
projection BK therein. A common electrode CT, and then an
upper insulation film UPS are formed on the organic passi-
vation film IN. The source line SL is connected to the pixel
electrode PX at a connection hole CH formed in the gate
insulation layer GI, the inorganic passivation film PAS, and
the upper insulation film UPS on the projection BK.

In FIG. 11, on the projection BK, the source line SL
extends from the source electrode along the top of the pro-
jection BK from a base portion thereof. In the embodiment,
the source line SL terminates at the top of the projection BK.
However, the source line SI may further extend as in the first
embodiment. In FIG. 11, in order to prevent impurities from
the glass substrate SUB from contaminating the semiconduc-
tor layer SC, or to improve adhesion of the semiconductor
layer, the barrier layer PR is formed on the glass substrate
SUB.

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 12A to FIG. 12G are
cross-sectional views for showing manufacturing processes
of'the thin film transistor TFT shown in FIG. 11. In FIG. 12A
to FIG. 12G, the barrier layer PR formed on the glass sub-
strate SUB is not illustrated. In the first process, amorphous
silicon is sputtered on the glass substrate SUB to form an
amorphous silicon layer by photolithography and wet etch-
ing. Thereafter, a laser beam is irradiated onto the amorphous
silicon layer for crystallization to form the polycrystalline
semiconductor film SC (FIG. 12A). It should be noted that a
barrier film can be provided on the glass substrate SUB to
improve adhesion or prevent impurities from diffusing.

In the next process, the projection BK is formed on the
glass substrate SUB by an ink-jet method (FIG. 12B). Ink
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landed on the glass substrate SUB by the ink-jet method
forms the projection BK through a curing process such as
light irradiation or heating. For the projection BK after the
curing process, a material with a high transmissivity is desir-
able from the viewpoint of securing the aperture ratio as long
as an insulating material is used.

In the next process, an Mo—Zr alloy film is deposited, and
photolithography and etching are performed for the film to
form the source electrode ST and the drain electrode DT
(FIG. 12C). Instead of depositing the layer, a single layer of
low-resistance metal such as Al, Mo, W, Cu, Cu—Al alloy,
Al—Si alloy, or Mo—W alloy, or a laminated structure
thereof may be deposited.

In this case, the source line SL is also formed at the same
time by extending from the source electrode ST over the
projection BK. Since the source line SL does not allow light
to penetrate, the line width is desirably narrowed from the
viewpoint of the aperture ratio. In the next process, a silicon
oxide film configuring the gate insulation layer GI is depos-
ited on the glass substrate SUB on which the semiconductor
film SC, the source electrode, and the drain electrode are
formed. The silicon oxide film is deposited using a plasma
CVD apparatus.

Thereafter, a W layer is sputtered, and the gate electrode
GT is formed by photolithography and etching (FI1G. 12D). A
single layer of low-resistance metal such as Al, Mo, W, Cu,
Cu—Al alloy, Al—Si alloy, or Mo—W alloy, or a laminated
structure thereof may be used for the gate electrode GT.

In the next process, a silicon oxide film configuring the
inorganic passivation film PAS to prevent moisture and impu-
rities from entering from outside is deposited using a CVD
method. Thereafter, the organic passivation film IN is applied
and formed. Further, the organic passivation film IN is pro-
cessed by photolithography, so that an upper portion of the
projection BK is exposed. Thereafter, the resultant structure
is burned while reflow and flattening are performed by heat-
ing (FIG. 12E). This process is the same as the first embodi-
ment.

In the next process, for example, a transparent conductive
film such as ITO s further deposited and patterned to form the
common electrode CT, and then the upper insulation film
UPS is formed (FIG. 12F). The common electrode CT is
patterned, so that a window W is opened near the projection
BK when viewed on a plane. In the next process, the gate
insulation layer GI, the inorganic passivation film PAS, and
the upper insulation film UPS are collectively processed and
opened at the top of the projection BK by photolithography
and dry etching, and the source line SL is exposed. In the next
process, for example, a transparent conductive film such as
ITO is deposited and patterned to form the pixel electrode PX
s0 as to be connected to the source line SL at the opening
portion. Accordingly, the display device including the thin
film transistor TFT shown in FIG. 11 can be completed (FIG.
12G).

With the above-described configuration, the width of the
source line SL can be made narrower as similar to the first
embodiment, and thus the aperture ratio can be improved.
Further, the gate insulation layer GI, the inorganic passivation
film PAS, and the upper insulation film UPS can be patterned
on the projection, and thus the processing likelihood is
improved. Further, the common electrode CT and the upper
insulation film UPS are laminated on a plane. Thus, even if
thermal stress is applied, it is advantageously difficult for the
common electrode CT and the upper insulation film UPS to be
separated from each other at the interface. In addition, since
the projection is formed in advance, processing of the organic
passivation film IN is advantageously easy. Further, due to the
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configuration in which the semiconductor film is first formed
on the substrate, in the case where, for example, polycrystal-
line silicon is used as a semiconductor layer, the degree of
freedom of processes such as conditions of laser irradiation
and processing temperatures is advantageously increased.

In the embodiment, the projection BK is formed by the
ink-jet method. However, it is obvious that the projection BK
may be formed by patterning, for example, a photosensitive
material. If a printing technique such as the ink-jet method is
used, only one process is advantageously required to arrange
the projection BK at a desired position. On the other hand, the
patterning of the photosensitive material has advantages in
excellent positional accuracy. Further, the electrodes of the
TFT are formed by photolithography and wet etching in the
embodiment. Instead, the electrodes may be formed by a
printing method known by those skilled in the art.

Fourth Embodiment

Hereinafter, a display device having a different configura-
tion of the present invention will be described. An equivalent
circuit of the display device is the same as that of the first
embodiment. The equivalent circuit shown in FIG. 1 shows
pixel portions. However, the gate signal lines GL and the
video signal lines DL are connected to respective driving
circuits. In the embodiment, the pixel circuits and the driving
circuits are formed on the same substrate.

FIG. 13 is a cross-sectional view of a thin film transistor
TFT included in the driving circuit. On a glass substrate SUB,
provided is a conductive layer including a gate electrode GT
in contact with the glass substrate SUB. On the conductive
layer, provided is a gate insulation layer GI. Further, on the
gate insulation layer GI, provided is a projection BK. On the
upper face of the gate insulation layer GI, disposed are a
source electrode ST and a drain electrode DT that are apart
from each other. A source line SL extends over the projection
BK from the source electrode ST, and is connected to an upper
line WI on the projection BK.

A semiconductor film SC is in contact with the upper face
of'the gate insulation layer GI, and is provided above the gate
electrode GT. Further, the semiconductor film SC is disposed
s0 as to be overlapped with ends of the source electrode ST
and the drain electrode DT that are apart from each other.
Further, an inorganic passivation film PAS is formed to cover
the thin film transistor TFT and the projection BK. In addi-
tion, an organic passivation film IN covers the thin film tran-
sistor TFT on the inorganic passivation film PAS, and embeds
the projection BK therein. On the organic passivation film IN,
formed is an upper insulation film UPS. The source line SL is
connected to the upper line WI at a connection hole CH
formed in the inorganic passivation film PAS and the upper
insulation film UPS on the projection BK.

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 14A to FIG. 14G are
cross-sectional views for showing manufacturing processes
of the thin film transistor TFT shown in FIG. 13. In the first
process, an Al layer with a thickness of 350 nm and an Mo
layer with a thickness of 100 nm are sequentially sputtered on
the glass substrate SUB, and the gate electrode GT is formed
by photolithography and wet etching. A single layer of low-
resistance metal such as Al, Mo, W, Cu, Cu—Al alloy, A1—Si
alloy, or Mo—W alloy, or a laminated structure thereof may
beused for the gate electrode GT. In the next process, a silicon
nitride film configuring the gate insulation film GI is depos-
ited on the glass substrate SUB on which the gate electrode
GT is formed (FIG. 14A). The silicon nitride film is deposited
using a CVD apparatus.
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In the next process, a photosensitive material is applied
onto the gate insulation film GI, and then light is selectively
irradiated to a desired area of the photosensitive material.
Thereafter, the resultant structure is developed for patterning,
so that the projection BK with a desired height is formed on
the gate insulation film GI (FIG. 14B). The photosensitive
material includes an organic insulation film material, a photo-
spacer material, photoresist, and the like. In short, any mate-
rial can be used as long as a convex portion can be formed at
a desired area on a substrate by exposure and development.

In the next process, an AlSi layer with a thickness of 450
nm is deposited, and photolithography and dry etching are
performed to form the source electrode ST and the drain
electrode DT (FIG. 14C). Instead of depositing the layer, a
material containing p-type impurities such as Al, Cu—Al
alloy, and Al-—Si alloy may be deposited.

In this case, the source line SL is also formed at the same
time by extending from the source electrode ST over the
projection BK. The source line SL. does not allow light to
penetrate. Thus, the line width is desirably narrowed from the
viewpoint of the aperture ratio. Next, an amorphous silicon
layer is formed using a CVD apparatus, and then is etched by
photolithography to be in a desired shape, so that the semi-
conductor film SC of a semiconductor layer is formed (FIG.
14D). Thereafter, a heating process is added to diffuse Al
from the AlSi layer to form a contact layer.

In the next process, a silicon nitride film configuring the
inorganic passivation film PAS to prevent moisture and impu-
rities from entering from outside is deposited using a CVD
method (FIG. 14E). Thereafter, the organic passivation film
IN is applied and formed (FIG. 14F). This process is the same
as the first embodiment.

In the next process, after the upper insulation film UPS is
formed, the inorganic passivation film PAS and the upper
insulation film UPS are collectively processed and opened at
the top of the projection BK by photolithography and dry
etching, and the source line SL is exposed. In the next process,
for example, a transparent conductive film such as ITO is
deposited and patterned to form the upper line W1 so as to be
connected to the source line SL at the opening portion.
Accordingly, the display device including the thin film tran-
sistor TFT shown in FIG. 13 can be completed (FIG. 14G).
The embodiment shows an example of a p-type transistor
configuring a peripheral driving circuit of the display device.

With the above-described configuration, the inorganic pas-
sivation film PAS and the upper insulation film UPS can be
patterned on the projection, and thus the processing likeli-
hood is improved as similar to the first embodiment. In addi-
tion, since the projection is formed in advance, processing of
the organic passivation film IN is advantageously easy. Fur-
ther, the semiconductor layer can be formed after forming the
lines, and thus it is advantageous in damage control for the
semiconductor layer.

In the embodiment, the projection BK is formed by pat-
terning the photosensitive material. However, it is obvious
that the projection BK may be formed by another printing
technique such as an ink-jet method. The patterning of the
photosensitive material has advantages in excellent positional
accuracy. On the other hand, if a printing technique is used,
only one process is advantageously required to arrange the
projection BK at a desired position. Further, the electrodes of
the TFT are formed by photolithography and wet etching in
the embodiment. Instead, the electrodes may be formed by a
printing method known by those skilled in the art.

Fifth Embodiment

Hereinafter, a display device having a different configura-
tion of the present invention will be described. An equivalent
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circuit of the display device is the same as that of the first
embodiment. FIG. 15 is a cross-sectional view of a thin film
transistor TFT included in a pixel circuit. In order to prevent
impurities from a glass substrate SUB from diffusing and to
improve adhesion, a barrier film PR is provided on the glass
substrate SUB. Further, a semiconductor film SC in contact
with the barrier film PR is provided, and on the semiconduc-
tor film SC, provided is a gate insulation layer GI. A gate
electrode GT is provided on the gate insulation layer GI so as
to be overlapped with the semiconductor film SC on a plane,
and an interlayer insulation film GI2 is provided so as to cover
the gate electrode GT. Further, a projection BK is provided on
the interlayer insulation film GI2.

On the upper face of the interlayer insulation film GI2,
disposed are a source electrode ST and a drain electrode DT
that are apart from each other. The source electrode ST and
the drain electrode DT are connected to the semiconductor
film SC through through-holes TH penetrating the gate insu-
lation layer Gl and the interlayer insulation film GI2. A source
line SL extends over the projection BK from the source elec-
trode ST, and is connected to a pixel electrode PX on the
projection BK. Further, an inorganic passivation film PAS is
formed to cover the thin film transistor TFT, the projection
BK, the source electrode ST, the drain electrode DT, and the
source line SL. In addition, an organic passivation film IN
covers the thin film transistor TFT on the inorganic passiva-
tion film PAS, and embeds the projection BK therein. A
common electrode CT, and then an upper insulation film UPS
are formed on the organic passivation film IN. The source line
SL is connected to the pixel electrode PX at a connection hole
CH formed in the inorganic passivation film PAS and the
upper insulation film UPS on the projection BK.

Hereinafter, processes of manufacturing the thin film tran-
sistor TFT will be described. FIG. 16A to FIG. 16H are
cross-sectional views for showing manufacturing processes
of the thin film transistor TFT shown in FIG. 15. In the first
process, the barrier film PR mainly made of silicon nitride is
formed on the glass substrate SUB by CVD to improve adhe-
sion and to prevent impurities from diffusing, and then amor-
phous silicon is sputtered to form an amorphous silicon layer
by photolithography and wet etching. In FIG. 16A to FIG.
16H, the barrier film PR is not illustrated. Thereafter, a laser
beam is irradiated onto the amorphous silicon layer for crys-
tallization to form the polycrystalline semiconductor film SC
(FIG. 16A).

Inthe next process, a silicon oxide film configuring the gate
insulation layer Gl is deposited on the glass substrate SUB on
which the semiconductor film SCis formed. The silicon oxide
film is deposited using a plasma CVD apparatus. Thereafter,
a W layer is sputtered, and the gate electrode GT is formed by
photolithography and etching (FIG. 16B). A single layer of
low-resistance metal such as Al, Mo, W, Cu, Cu—Al alloy,
Al—Si alloy, or Mo—W alloy, or a laminated structure
thereof may be used for the gate electrode GT.

In the next process, a silicon oxide film configuring the
interlayer insulation film GI2 is deposited using a CVD
method (FIG. 16C). Thereafter, the projection BK is formed
on the interlayer insulation film GI2 by an ink-jet method
(FIG. 16D). Ink landed on the glass substrate SUB by the
ink-jet method forms the projection BK through a curing
process such as light irradiation or heating. For the projection
BK after the curing process, a material with a high transmis-
sivity is desirable from the viewpoint of securing the aperture
ratio as long as an insulating material is used. Further, the
through-holes TH penetrating from the surface of the inter-
layer insulation film GI2 to the semiconductor film SC are
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formed in the gate insulation layer GI and the interlayer
insulation film GI2 by photolithography and etching (FIG.
16E).

In the next process, a W layer is deposited using a CVD
method, and photolithography and dry etching are performed
to form the source electrode ST and the drain electrode DT
(FIG.16F). In this case, the through-holes TH are filled at the
same time, and the source electrode ST, the drain electrode
DT, and the semiconductor film SC are connected to each
other. Further, after the W layer is deposited, for example,
materials such as Al, Cu—Al alloy, and Al—Si alloy may be
deposited and laminated to suppress the resistance of the line
portion.

In this case, the source line SL is also formed at the same
time by extending from the source electrode ST over the
projection BK. Since the source line SL does not allow light
to penetrate, the line width is desirably narrowed from the
viewpoint of the aperture ratio. In the next process, a silicon
nitride film configuring the inorganic passivation film PAS to
prevent moisture and impurities from entering from outside is
deposited using a CVD method. Thereafter, the organic pas-
sivation film IN is applied and formed (FIG. 16G). This
process is the same as the first embodiment.

In the next process, for example, a transparent conductive
film such as ITO s further deposited and patterned to form the
common electrode CT, and then the upper insulation film
UPS is formed. The common electrode CT is patterned, so
that a window W is opened near the projection BK when
viewed on a plane. Further, the inorganic passivation film
PAS and the upper insulation film UPS are collectively pro-
cessed and opened at the top of the projection BK by photo-
lithography and dry etching, and the source line SL is
exposed. Next, for example, a transparent conductive film
such as [TO is deposited and patterned so as to be connected
to the source line SL at the connection hole CH, so that the
pixel electrode PX is formed. Accordingly, the display device
including the thin film transistor TFT shown in FIG. 11 can be
completed (FIG. 16H).

With the above-described configuration, the width of the
source line SL can be made narrower as similar to the first
embodiment, thus contributing to the improvement of the
aperture ratio. Further, the gate insulation layer GI, the inor-
ganic passivation film PAS, and the upper insulation film UPS
can be patterned on the projection, and thus the processing
likelihood is improved. Further, the common electrode CT
and the upper insulation film UPS are laminated on a plane.
Thus, even if thermal stress is applied, it is advantageously
difficult for the common electrode CT and the upper insula-
tion film UPS to be separated from each other at the interface.
In addition, since the projection is formed in advance, pro-
cessing of the organic passivation film IN is advantageously
easy.

Further, due to the configuration in which the semiconduc-
tor film is first formed on the substrate, in the case where, for
example, polycrystalline silicon is used as a semiconductor
layer, the degree of freedom of processes such as conditions
of laser irradiation and processing temperatures is advanta-
geously increased. Further, after the semiconductor layer is
protected by the gate insulation film, the projection and lines
are formed. Thus, itis advantageous in damage control for the
semiconductor layer.

In the embodiment, the projection BK is formed by the
ink-jet method. However, it is obvious that the projection BK
may be formed by patterning, for example, a photosensitive
material. If a printing technique such as the ink-jet method is
used, only one process is advantageously required to arrange
the projection BK at a desired position. On the other hand, the
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patterning of the photosensitive material has advantages in
excellent positional accuracy. Further, the electrodes of the
TFT are formed by photolithography and wet etching in the
embodiment. Instead, the electrodes may be formed by a
printing method known by those skilled in the art.

In the above description, the configuration of the present
invention including the TFTs in the pixels has been described
in each of the first to third embodiments and fifth embodi-
ment. In addition, the configuration of the present invention
including the TFTs in the driving circuits has been described
in the fourth embodiment. However, the first to fifth embodi-
ments may be used as configurations in the pixels or the
peripheral driving circuits.

It should be noted that the liquid crystal display device has
been described in each of the plural embodiments of the
present invention. However, the present invention is not lim-
ited to those, but can be obviously applied to other display
devices such as organic/inorganic EL. (Electro Lumines-
cence) elements, or semiconductor devices such as solar cells,
memories, and power controlling semiconductors as long as
the similar laminated structure of the insulation layer and the
conductive layer is provided.

Further, the invention achieved by the inventors has been
concretely described above on the basis of the embodiments.
However, the present invention is not limited to the embodi-
ments, but can be variously changed without departing from
the gist of the present invention.

Further, the present invention is not limited to the above-
described embodiments, but includes various modifications.
For example, the embodiments have been described in detail
to understandably explain the present invention, and are not
necessarily limited to those having the all constitutional ele-
ments described above. Further, a part of the configuration in
one embodiment can be replaced by a configuration of
another embodiment, and the configuration in one embodi-
ment can be added to another embodiment. In addition, a part
of the configuration in the embodiments can be added to or
replaced by another, or deleted.

Although the reference numerals have been described in
the embodiments using the drawings, the main reference
numerals will be described below again.

DESCRIPTION OF REFERENCE NUMERALS

CL common signal line
CT common electrode

CH connection hole
CONT contact hole

DL video signal line

GL gate signal line

PX pixel electrode

TFT thin film transistor
DT drain electrode

BK projection

GI gate insulation film
GI12 interlayer insulation film
GT gate electrode

PAS inorganic passivation film
IN organic passivation film
UPS upper insulation film
SC semiconductor film
SCN contact layer

ST source electrode

SL source line

SUB glass substrate

TH through-hole

PR barrier film

W1 upper line layer
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What is claimed is:

1. A semiconductor device which is configured to include a

substrate,

wherein a transistor and a projection are disposed on the
substrate;

a source electrode of the transistor extends so as to cover at
least a part of the projection including at least part of an
upper surface of the projection;

an inorganic passivation film is formed over the transistor
and at least part of the upper surface of the projection;

an organic passivation film is formed on the inorganic
passivation film over the transistor;

the projection is formed by an organic material and is
formed separately from the organic passivation film;

an upper insulation film is formed over the organic passi-
vation film and on the inorganic passivation film over the
upper surface of the projection;

an upper line is formed on the upper insulation film: and

the upper line is electrically connected to the source elec-
trode through a connection hole formed in the inorganic
passivation film and the upper insulation film over the
upper surface of the projection.

2. The semiconductor device according to claim 1,

wherein the transistor and the project ion are formed on a
barrier film formed on the substrate;

the transistor is configured in such a manner that a semi-
conductor layer is formed on the barrier film, a gate
insulation film is formed over the semiconductor layer, a
gate electrode is formed on the gate insulation film at a
portion corresponding to the semiconductor layer, an
interlayer insulation film is formed over the gate elec-
trode, a drain electrode and the source electrode that are
apart from each other are formed on the interlayer insu-
lation film at a portion corresponding to the semicon-
ductor layer, and the drain electrode and the source
electrode are electrically connected to the semiconduc-
tor layer through through-holes formed in the interlayer
insulation film and the gate insulation film; and

the projection is formed on the interlayer insulation film
extending from the transistor.

3. The semiconductor device according to claim 1,

wherein the transistor is configured in such a manner that a
gate electrode is formed on the substrate, a gate insula-
tion film is formed over the gate electrode, and a drain
electrode and the source electrode are formed on the gate
insulation film above the gate electrode;

the projection is formed on the gate insulation film extend-
ing from the transistor; and

the interconnection is electrically connected to the source
electrode through the connection hole formed in the
inorganic passivation film and the upper insulation film
on the projection.

4. The semiconductor device according to claim 1,

wherein the transistor and the projection are formed on a
barrier film formed on the substrate;

the transistor is configured in such a manner that a drain
electrode and the source electrode are formed on the
barrier film, a semiconductor layer is formed on the
barrier film, the drain electrode, and the source elec-
trode, a gate insulation film is formed over the semicon-
ductor layer, and a gate electrode is formed on the gate
insulation film at a portion corresponding to the semi-
conductor layer;

the interconnection is electrically connected to the source
electrode through the connection hole formed in the gate



US 9,362,409 B2

19

insulation film, the inorganic passivation film, and the
upper insulation film on the projection; and

the projection is directly formed on the barrier film.

5. The semiconductor device according to claim 1,

wherein the transistor and the projection are formed on a

barrier film formed on the substrate;

the transistor is configured in such a manner that a semi-

conductor layer is formed on the barrier layer, a drain
electrode and the source electrode are formed on the
semiconductor layer at an interval, a gate insulation film
is formed over the semiconductor layer, and a gate elec-
trode is formed on the gate insulation film at a portion
corresponding to the semiconductor layer; and

the projection is directly formed on the barrier film.

6. The semiconductor device according to claim 1,

wherein the transistor is configured in such a manner that a

gate electrode is formed on the substrate, a gate insula-
tion film is formed over the gate electrode, a drain elec-
trode and the source electrode are formed on the gate
insulation film above the gate electrode, and

a semiconductor layer is formed above the gate electrode

over the gate insulation film, a part of the drain electrode,
and a part of the source electrode.

7. The semiconductor device according to claim 1, wherein
the projection is a circular truncated cone or a truncated
pyramid.

8. The semiconductor device according to claim 7, wherein
no organic passivation film exists on an upper face of the
projection.
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